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(57) Abstract 



«, m n^h- if? ti ° n . pr0 ^ d f S a mE ^} ian 0611 meM for retroviral packaging comprising two plasmids, both of which 
«^S5f2lT? ( j LTR)sequenCe *° m .\ bc, P er ncither f comprise a functio?alVpac£?- 
SSrt^« • ! , t ? e he,per virus ' ne of which comprises the env gene from the helper virus and the other of 

^SSSi I SS^T 8 a i 0rWgn 8ene mt L a mammalian cell which comprises treating the above-described mam- 
tofXS^l v "* t r P' f md SOast ° rasert . the Vect r plasmid int0 the <*" ««» *» «eatc the producer cell, the vec- 
^lasmid comprising the f reign gene, a functional V packaging sequence from the helper virus, both the 5' and 3' LTRS 
tromuje helper virus, and a gene encoding a selectable r identifiable phen typic trait, and recovering the producer cell so 
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RETROVIRAL PACKAGING CELL LINES AND PROCESSES OF USING 
SAME 



This application is a continuation-in-part of U.S. 
5 Application Serial No. 152,830, filed February 5, 1988, 

the contents of which are hereby incorporated by 
reference. 

The invention described herein was made in the course 
10 of work under Public Health Services grants DK-25274, 

HL-37069, and HL-07230 from the National Institutes of 
Health, U.S. Department of Health and Human Services. 
The U.S. Government has certain rights in this 
invention. 

15 

Background of the Invention 

Throughout this application, various publications are 
referenced parentheses and citations provided for them. 
20 The disclosure of these publications in their 

entireties are hereby -incorporated by reference into 
this application to more fully describe the state of 
the art to which this invention pertains. 

25 Retroviruses appear to be the method of choice as 

vectors for the transfer of exogenous genes into 
humans. In particular, the cloning, transfer, and 
expression of human globin genes into erythroid cells 
in culture has raised the possibility of 

30 autotransplantation of bone marrow cells with normal 0- 

globin genes as an approach to the therapy of fi- 
thalassemia and sickle cell anemia in humans (1) . 
Retr viral v ctors are the most efficient m ans of 
transferring gen s into cells. This high efficiency is 

35 a requirement for experiments whos goal is human 
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globin gene therapy because only a limited number of 
bone marrow stem cells can be obtained, and as many as 
possible must acquire and express the transferred genes 
to ensure repopulation of sufficient marrow elements to 
produce normal amounts of hemoglobin. 



A major prerequisite for the use of retroviruses is to 
insure the safety of their use (2). The major danger 
of the use of retroviruses for gene therapy is the 

10 possibility of the spread of wild-type retrovirus in 

the cell population. The proliferation of wild-type 
virus can lead to multiple integrations of the 
retrovirus into the genome which may result in the 
activation of potentially harmful genes such as 

lg oncogenes (3,4). The development of packaging cell 

lines that produce only replication-defective 
retroviruses has increased the utility of retroviruses 
for gene therapy (5-9). in these cell lines, the 
sequence required for packaging of the viral RNA (tf 

2Q sequence) has been deleted, therefore, the packaging 

cell produces viral proteins but is unable to package 
the viral SNA genome into infectious virions. When 
these packaging lines are transfected with a 
replication-defective retroviral vector containing an 

25 intact t> sequence required for its own packaging, wild- 

type retrovirus has been shown to arise (6,10,11) 
presumably due to recombination events between the 
helper virus genome and the vector virus. For example, 
high titer amphotropic retroviral stocks generated by 

30 transfer of a defective neomycin-containing retrovirus 
into the amphotropic packaging cell line PA12 
(containing the $ deletion) have been shown to produce 
infectious amphotropic helper virus (10,11). To 
circumvent this problem, additi nal mutations have b en 

3 5 made in the defective virus of newer helper cell lin s 
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(11). These have included deletions in the 3' LTR of 
the helper virus component, and additional deletions of 
portions of the 5' LTR as veil. One of these defective 
amphotropic constructs has been used to produce a 
retroviral packaging line, PA317, that has recently 
been reported to eliminate vild type retrovirus 
production after retroviral trans feet ion. However, 
using this packaging line, two recombinational events 
could still produce intact retrovirus. Cell lines 
containing both 3 ' and 5' LTR deletions as well as the 
packaging mutation were also constructed but were not 
useful because of the relatively low titers obtained 
with these constructs. 

In accordance with the invention described herein, 
novel ecotropic and amphotropic retrovirus packaging 
cell lines have been created which should virtually 
eliminate the possibility of recombination between the 
helper virus and the vector virus leading to wild-type 
retrovirus. In the cell lines to be described 
hereinafter, the helper virus DMA has been separated 
onto two plasmids; the gag and the pol genes are on one 
plasmid and the env gene is on another plasmid. In 
addition, the packaging sequence and the 3' LTR have 
been deleted in both plasmids. With this type of 
strategy at least three recombination events between 
the two helper plasmids and the vector virus are 
necessary to generate a wild-type virus. Thus, stable 
ecotropic and stable amphotropic packaging lines have 
been developed that are both efficient and safe for use 
in gene transfer experiments. An ecotropic packaging 
lines have been developed concerns a virus which can 
only infect or transfect cells of the same species. In 
an amph tropic packaging lin , the virus can infect or 
transf ct a wide range of host c 11 species. 
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viro.. aaa and sol 9wws trom th. helper 

n>« invention .i lo provla . 8 , 

Producer eell «„ rui t „ ,or *«P«i»g « 

into . ' l «h^T ^ ' f ° cei ^ 
ab=v e deecribed trMtin ' ** 

Produce c.U .o created, "covering th. 
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Brief Description «f the Fiepirac 



Solid regions represent sag sequences- 7 

rz: ? M9uenc,s - r r..r::: 



niu box svio M , , Plaemld eaquanc.., ™ u 

° mx, SV40 poly A sequanees; sv. svto - 
"plication, d.j.tte,, of „ !' *"*<> ori 9"> of 

Baa HI- Bo r»i tt ■ PMataguig sequences; Ba, 

."rrj; r^cr r iv * r,trovirai v — - 

sequancas, iilTS Ur 8 " 0 " W,VY lln *' PBM " 
replication. Pr " 0t " r "* •* 

US * Plasmids pgag-polgpt and 
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RSSv were cotransfeeted into 3T3 cells , 
» were lab . u . a with t „ 8J MtlllonlM _ 
Proteim, „.„ analys . d „ ImunoprMlDlteu™ 

" — «ibea in Methods. " ^ P^L, T™^"^ 
10 indicated by the arrov. 9 ls 
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which e«prl„ th. 5' i 0 ~V *, ^' both of 
-elp« virus, on. or Kh L TZZZ ^' » *- th. 

e aescribed mammalian cell *„>^.u 
• *«.. .noodle . «uetrti. ^1^.?*^ ° OTpr1 " 1 ' 

«bodi»„t, th. h.lp. r virus IT J " , ° thar 

^h. t/ —i*»t.d fiSffi .ho™ in riour. , 

fcne other plasmid * e , , Agure 2 / and 

.1.0 shown" a " " dMlS ""« l ^-ESi,Pt 

a=isi „ ». z z* e ribrobiast ceiis — — 
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in another feature, the helper virus i„ «*. 
cell is the 4070A . »ammalian 

*o7oa amphotropic murine ieuv M 4. 

m anoth.r embodim.nt, th. invent frm >. , 
Provide „ ^ otropic cell r ' * Urther 

•aphotropic e.n useful J ~. Jf^ 1 * of 

(»ICC,, HocUm. " TYE " CUltUr « Section 

r * TCC accession no. CRL 9641. 
The mammalian cells . 

—tructed f ro. " rent " pu^ L "° 

»* PL1 ».!„, ,.Jods « U ^n t 'J' PSVJGpt ' 3F ° 
. . ^ wexx Known to those an n «.» * 

the art. For py aB „i „ . ^ . ae skilled in 

for example, the plasmid. ncrarr-r,~i 

constructed using the »iJL«- P3§3 E2igpt ' » a y be 
source of SV40 . PSV2gpt (12 > « the 

selectahH marL T^Ti ~ • £ "? ^ - - 

and s. Goffi «m,« — _ 4 * L * **bel 

restriJT P ^ plasalds =an be "cut" with 

art, .uch «. Mlng ^eno* fragBent f Dm 
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colony fU t.r hybrid".^ ^ a , ta9 ' ** 
=olo»i„ u . inj fUt „ h ^ rw ;^" tS - In Boutin, 

II And Mha i and t " ction enzymes, e.g., „,! 

electroelution. The isolated from the gel by 

Aon ' •T«e ends are then j 

are introduced into cultured mammalian ceil* 
e.g., mouse fibroblast cells in m *h-< , ' 
ceiie mw A1S ' ln Particular NIH 3T7 

cells. The methods of introduction are well tool T 
the art and include, as an examm! ? in 

specifically electroporation ^a/ly ^T^' 
nanunalian efl n e A ypicaj.iy, the cultured 

=.11. £ » Pl ; Smid suspension o, 
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then ..Uct*. £ ™ «• "» ^.forMd «u, , re 

». tor exa^i. t£ °* ° f * -*« • ~* 

comprises hv-e-U^I™ 9 ™ e Ui ' tn9 8301 — U, which 

"ay then b. analysed f=, the HXM M dia 

Paction, J£tJ w T™'~ I '? eriPt "' «» 

H>e present invention also nrov!,,.. 
preparing . prodUMr <M ^'" M « »«— 'or 

foreign gene into a nail,,? * traMf «ring a 

treating . ^..'^ -*ich co»pri... 

voter pl... ld .= tc l;^;^"^^ • 
th, =.11 .nd thu, cr.a ta " . ^ Pl * rald ^0 

Plasaid arising ^T ^!:^ °» vector 

Packaging seguence tZ JTf ^ * """"ona! * 

• selectable or id.„«« J ' 9m * «»oding 

^irzi"::^ m : »• — "„ g tt e 
v^or pia„id, af r. on ;. ;:jTz;T L * ant *- «- 

pr oes. f or pr Mrl „„ " d 1,1 above-described 

transferring a fo£ ia n * ' "" ful ** 

«g foreign gene into a mammalian cell, lB a 
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replication retroviral vector. fiu „ h 
defective retroviral vectors include th^ 11 ^ 0 " 
desisted ^eo or ». both JTT *£l 7*"" 
another feature, the phenotypic 2 t " ^ In 
»>y a gene i„ the vector m.««- « iS encoded 

example of a for^ ^ TZ^ " 

described process i« *h above- 

Transfection aay ba <-«~j ^ 

UMtt. bv let, ( ..° 0t f ° r PUrpOMS «* 

cells are tra n «*.~«. - ^ cells, e.g., nih 3T3 

vector ZJlZ I ' * * leCtr ° P °""°" «*» th. 
contain ,.». a^ "*° , Pl "»^ 

resistance, e o / 9 ° r a "tibiotic 

selected. ««pressing the gene are 

This invention also provides a * 

• *=rei,n g . ne ^ ^LT^'ZT""*™'' 9 

contact^ th. alalia, c.!i with L eOTPri " S 

producar call ralaa... . ttat (a > *"» 

vector pl.„I d " a ' f0 " 19n packed in tha 

into tJ-^TJ?. f °" l9n * 

^s^srt^^ - - — 

therapeutic Br „f • , foreign gene encoding a 

« P euric protein into a subiect .mi Ml . ^ * 
genetic disorder usim, ♦•», T afflicted with a 
transferring a /ore!™ ab -e-de SCri bed method for 

ring a foreign gene into a maaunalian cell. 
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EXPERIME NTAL DBTIttc 
Material* and M»i-h,^ g 



Generation of Ecotmn^ *.*- linq r[|))| 

To generate an ecotropic packaging cell li„ e two „ , 

Pa^-Klgpt (Figure 2) was construct.* by isol.tina . 
fragMnt containing the 5< lIR ,„ a "mating a 

.»<. insartln, this f ragLnt 1„^ ^ T ^ D " A 

(") which wa. ua.a £ ^.^', 7 

I and Nae i both , " di * est «d with sea 

Saa and fioi genes were isolated fL a , ,* *"* the 

* -in, th. 1 ^' c :; rr:: " m « 

four dNTPs. a. 7 9 ? " ™* Polymer... and all 
Po.ltiv. colon!.. „.„ UoiiL M T W V * Ct0r ' and 
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fiSigpt (Figure 2) . 
penv 



*- ^ contain, t,. 9 " Lr »: tt ti%gnat 

•it.. . *"»r .plic. 

10 Ha*, th. p lMBld 3po „. dlgMt . 4 witl) 

— Lrr rr::; - *«— * 

«u.a with th. ki.*«„ . 9aroM a» end. wer. 

.6 11 f cur an 4 E~ '~ °* "* POl ^«"" — 

«-.. Th* V- 4 La 5 , nl ?" * both 

isolating the 6.2 kb tL™ . I *» «. and 

*> «d th.„ llgited ^ ;** *~ «■ Pho.phatas.d_ 

transfot-ants v«. ^, .1 , 22 *>«itiv. 

25 orientation of the env in fie ^ k Tlr correct 

*>a I or sea i *~ , ^ by di ^sting with either 
Penv (Pigure 2) \ *' 6 " was na»ed 

Electro^.,- nm1 ^ 

were then alxed with io 7 « „ V ^ CellS 

35 and/ r 5 - J^T * " 9 nonselect ^e Plasaid DNA 

« selectable piasaid DRA. The cell/DNA 
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suspension was loaded into a o s »i , 

apacxcers (effective capacity 14otm - h _ 
to 500-looo vo!t., and dlsch^L J. ""^ f ^ 
-witch through th. somtion. The c .l£ °" iC 

th. .Lctroporation. " hours aft « 

^oi;r«u^;i i r/ n ? psm we 

coei-otroporat.* " 1°^^° 

for th. pr„.„c. 0£ th. ; t C ^ e wi TL7' MleCt " d 
» ot hypo M nthin. „o «^ « Chr* 81 " 1 " 9 

with Ba «d ia ware ^' ' , " edl1 " • clm °° 
transcriptas. Dr Z„^ ™ " nalyZed for 

.Ion.. '■"Pemat.nt. Md ra eee*^ 

Staging li„„ „«. transfected *k 

vector Bl»«»«. . r «>s»eted with th. retroviral 

-tain a "n^ LZ^TtS^JT 

cells expressina 9 ' eukar y°tic 

replication-defective retroviral plas ffl id in J* * 
»e gene is flawed by intact LTRs and has ^ 
sequences including an in**^ u 5 323 

xuaing an intact * sequence (Figure 3). 
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(N. Lerner, personal communication); H2 h. . 
described previously (16) . haS been 

Analysis w< > Vlra , p^,.^ 

The presence and expression of penv wa S , 

- -tabolic labelling and immu^ prec L"!f ^ 

gPreoenv, the env pr otei n ™ 0precl P itat *°n of 

follows: donesTf L f1 . ~ antiserua « 

w " es °* confluent cells 
ww rt^v^, for («• 10 cm put.., 

»= s methionine (Aneraham) wa> - 

oMxycholate, o i» sns ,„ „ l * Trlton *"». o. 5 » 

o.i m k. c1 , ^^^."Lr"- p,,o,,,,tat - 

TI80 rot or it 35 K ' *" 8 1150 « 

Pworbln ( ,t. ph T JTf Pr ' Clpit " t '0 with 

(K=I #7,5-771, ov.rn ight an 7 ^ tl„— " 
collected vtth sorbin. J. ^fT*~ ,Wtrt -- 
* electro^. 2\ \Tw IT'*" "~ 

Virus PTo^- M . n 

supernatants from pi^ « r vlral harvest 

—ed ^To^Z ^ 

-1 «s .ppued to tte ceUs fi " arS <«""Por.) and a 

<D«tran) »„ add* to " 9/ " a ° f P 01 *""™ 

t the clu, „ noars u J r V * f «» .oded 

«<» Plat d n a lo ™ , tr W»inized 
a 10 co put. ln ^ emttiMi)t 80<) 
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/«g/alG418; 10-14 davs v 

^ 14 aays later clones were counted. 

Generate ~. ^ rm . h||| M 

cotransfected. bv oi«„* , ells were 

W/ °y electroporation M31 

-~-f t..t«, for thoir IS* tT-T* 

obtained from this . *■""*«« clones 

•n«-«,.. / •l«otroporation and tested 

•npernatants from 3 var* t,(„ k < tested, 

(«Sur. 4) . " * lB r * V * Ma '""cript... 

»l,h r.v« r „ tra „"r, Sa tra " SCriPt " e =f the 

to " 6 r « r°MT ucin9 sm ° iob " «•» 

Producing ,po clones. ' """" tHU * 1 ^- 

labelling followed^. T 6Xpressl0 '' »» -trtolic 
««..rj (15, Mev.n , 1 ™ ffl0Bre0lBlt »"»" with sav 

•Mow, 3 "L.. ! " el ° n ** for 
» «nv. 3 clones produced a strong sional a , 
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Protein w. r . ^ for ^ m 

»Plictlon-d. f .ctiv. retroviral v ^ *L 9 * <*« 

staining a nebcin r^s^J^ZT. 
promoter (Figure 31 n^, driven by an SV40 

— viral partidaT ^EL""! ^ ^ 

Th«. ti t «. „„ a ^ ' * TO (Table l,. 
from th. 3PO-18 pacJai" ^ ™ 1 — « 

X 10* CPO/al) as well ». * V (8 X 10 to 6.5 

lin. produce titer, thaf! ' CP+E_86 pack »^9 

the oth« f0 ur ^7 \ ° 0nsi " e ""y "*er than 

axperdt. ' d WM ' — « in 

«tri^v.^r eo i: i r- tt - — — - - 

«M- «... th. neM ^-»tr.t "»«««» in 

««• transacted -itt 4.^ "rovH' 

*»• viral vtr ( Wour , 3, J? * , ** cont ""«c by 

(»«*> war. isolated JL clone, 
tastrt for K2 vira. t^' <M18 - rMi «»t clone, vera 

ver. cp/^r (TaM « *>• The., titers 

Pr 4uc«» tit.™ that wr. w , ° ' ThU8 < 1,2 

was constructed was as 
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««. « e on the J^' ^ 
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r i !"" f ". r T " r — ~r-i-r 

u " 8 an <* allowed to develop 
again selected „ith «le that resulted iTL Y"* 

::::: s rr~ 

PopuaatXon of 3T3 Teus ,thi th " U * h °» t «. 

ahould contain call/ Population of cells 

virus as »==essfull y infected „ ith Ma 

virus as well as uninfected 3T3 cells «,.► 
"18-r.slstant, , ,„d, therefore, l ea to 
infectious ineo particle. Aft., „ SPr ' ad ° f 

supernatant wa. a„.yA for ! """"^ ln -**«•. 

—ctinc f r .. h a vr c .u r . "z r/tjrr" by 

IJ^T , ' 1 " alo » tl "» «>»* there «„ BO viral 

rescue of 4n .o f rOT the initial 3 T3 cells 
infected vith op+e-««4.... iu "ere 

- wim GF+E-86+Aneo supernatant. 
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3T3-N2 cells would k , W+E-86 cells, the 

tarv~t*. and u..c to lntKt fr^ , I3 * 
»y =418 .exaction D ,L Pr ""=' of 1,2 virus 

construction of aw r - rae]c , CT < 

a piasaid containing the An-* n * ^ 1 
«"v gane and I * f«9»«t containing the 

n^teTJi „r r°: spnc * sit - ~ in*- ^ 
wit ;; lon * of 313 « ^"Snt 

=l.n.V i^Ti" B-r«sistant 

level! «, „T 8elected as * clone producing high 
enT prot 0 e f in b0th J7 r : e tranSCriPtaSe - d ^tropic 
c^Tls were ; ! Packaging ability, GP+envAm-12 

ceils were transfected with N2. G^s-resistanTl, 
were isolated and the tit*™, n * , resistant clones 
determined bv i»f «-< released K2 virus were 

»*ned by infecting 3T3 cells with harvest d 
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xo ro >i x 10 CFU/nl (Table i» -r- 

a-photropic packaging liBe „„„ "*° 
resist** clones, when used to infect J 3 « " 

*!■».■ cfd/bi. Tho results indicate 

that s^jBvta-u ia as e£(icimt ln r . trovira ™* 
transfer as PA317. "wirai gene 

P.. of P. clraa1ng ,, ^ ^ ^ 

iC'^t"" *~ UMi — ^ <~1 

«ny gene of interest (producer lines) bv tr.„«#--.. 
retroviral vectors into the*. The L!e Z™'*'* 1 ' 1 * 
packaging U„ e and tte tropic 
packaging line can be use"d to ^ . *»Photropic 
U«es as follows: ^ ^i,"**?" 
tr.nsf.cted with DNA containi^^ 
a selectable marker and ^1 P acka 9i«g sequence, 

exanple the a «W ° f lnt *«*t; for 

anpie the , giobin or ADA gene. The * packaai™ 

seguence allows tho — «. , Packaging 

WB Cfte retroviral vector- 

encapsidated into a virus S h e ii ? be 

T* - tt * vect «- individual clones, or pools 

-le^T' «" transfeeted victor te 

"ruT : H Cl ° neS Merete tt « vector 

virus, and not the defective helper virus, and 
too» as producer lines. Titerlna assays ™ 
tlT the vlr.1 titers released bv the produce" 
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EXPERIMEWTAL DTfimcc-r/^ 
One of the requirements for the 



vector. i„ human gene therapy i8 ^ e T °f 
line which is incapable J^^T^LT^ 9 
While recently-designed packaging liL^e 
safe, wad-type virus may be pr JuL ^ 
^combinational events between Je lTp er £ T ^ 
replication-defective retroviral ve^o/eve" ^ ™ ' 
»ost frequently used amphotropic line LTT zfL 
to create a safer packaging ii„ e *v 0rder 

have been seDara t «H ' 322 M Ml genes 

n separated on one plasmid an n 
or amphotrooie i"*sra, and the ecotropic 

- the 3, LTR . ^ ecetropic pJE^ C ^^ 
«* an amphotropic packaging i ine (JLnvJm V 
been developed that produce titers ^ t 
partici es comparable to «. retroviral 
containing the IJZt • * Packaging i ines 

' ^ h6lper Vlrus ^nome on a single plasmid. 

Both the ecotropic (gp+e-86) and «,« 
CCP.env^, packaging lines ; ro - d ^ amp ho tr 0pic 

env protein levels, as demonstrated bv ^ 
transcriptase assav < ns *rated by the reverse 

and env en another ola S »i d 7 ^ ° n ° ne Plasnid 

retroviral vectts 1^ ^ r^T^ 10 " ^ 
comparable to the tlto. , 8rS **** are 

cells (which c^^iJSr* ^ 3P °' 18 ^ " 
These titers obtain!, are CLZETS^ 
hy others using defective reJ ov ^ s J. TVTT 
8, 9) and are high enough for use in a- 1 ' 
experiments in animals (21 22 23 V 

27). f21 ' 23 ' 24 ' l0 * 25, U, 26f 
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No evidence has yet been found for the „ a „ 

either a l0 „e or in coition with thT^ <L\ 
defective retroviral vector, an.c „. « r * P " catlo »- 

» experiments designed for human gene therapy. 
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What is claimed: 
1. 



10 



A mammalian cell useful for retroviral packaoin* 
comprising two plasms, both ef which ^rtl 

Zll terBinal " Peat W -eguence f L a 

helper virus, neither of which comprise a 

IZ h — or a 3, S f r o : 
the helper virus, one of which comprises the env 
gene fro. the helper virus and the other o^vhS 
cerises the ^ an* ^ genes fron the J£ 



2. A mammalian cell of el»i™ i ..w 

«i ciain l, wherein one of the 

,5 «.l.ctable or identifiable phenotypic trait. 

3. A nanmalian cell of ciat™ ^ • w J 

th. set ,„ a . 2 ' wher ' ln toe 

20 4 * A nM «>alian cell of claiw -i „v 

virus ia M«i \ ' wherein the helper 

virus is Moloney murine leukemia virus (Mo-MuLV, . 

' 5 ' LT?* 1 *** 6611 ° £ ClaiB 4 ' Wh *"^ the one 

6 « A mammalian cell of cia-fm ^ . 

, 4 ' where i« the other 

stl — — ™- 

30 

7. A ecotrotropic cell of claim l. 

8- An NIH 3T3 mouse fibroblast cell of claim l. 
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(atcc Accession No. CRL 9642) . 
10. a «U« cell of eui» 1, «h«»4a a. ^ 

oL^r 1 /" 0611 " Clal - »• the „„ e 

A cell of ell, io. wherein the other 

U 1. the p lM . 1(1 aMignit ^ BgEa= ^ 
shown in Figure 2. p 

An amphotropic cell of claim i. 

An amphotropic cell of claim 10, designated 
GI*enyAm-12 (ATCC No. CRL 9641) . Sl ^ted 

A process for preparing a producer cell useful 

cell w^b a £ ° rei9n ^ int ° a — ^ 
claLTwL C ° mP 3 "« «11 of 

claim 1 with a vector plasmid so as to insert th« 

vector piasmid into the cell and thus creat £ 

Producer cell, the vector plasmid comprising Z 

mi lt,' a f r ctionai * «^«~ 

from the helper virus, both the 5' and 3' LTRs 

select « helP ! r VirUS ' Md * encoding a 

selectable or identifiable phenotypic trait, and 
recovering the producer cell so created. 

A pr cess of claim is, wher in the tr ating 
comprises transfection. 



12. 

15 

13. 

14. An 

20 

15. 
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17. A Process of claim 15f wherein the vector plasmid 
is a replication defective retroviral vector. 

«. A process of claim 17, wherein the replicate 
defective retroviral vector is t£ ^t.r 
designated Aneo shown in p lgure 3. VeCt ° r 

19. A process of claia 17, wherein the replication 
defective retroviral vector is the "ct" 
designated N2 shown in Figure 3. 

20. A ^process of claim is, wherein the phenotypic 
trait is drug resistance. 

A process of claia 15, wherein the foreign gene 
is the normal human fi globin gene . 

A producer cell produced by the method of claim 



23. 



24. 



25. 

35 



A method for tranferring a foreign gene into a 
ZZIT T WhlCh C ° nPri8eS -Lting the 

ZiZ Wlth Pr ° dUCer Cel1 «* 22 

under conditions such that (a) the producer cell 

releases the foreign gene packaged in the vector 

Ltol: ^ ! b> ^ f0rel9n *™ * introduced 
into the mammalian cell. 

* "« 0 l 0f th " r " Py tr mat „r ing 

a for.ig„ ,.„ e .„ C odin, . th.rap.atic protein 

using the method of claim 23. 

A method f claim 24, wherein the foreign gene 
encodes the normal human , globin gene ZZ 
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Swetic disorder is .iokl. eeU „ ,_ 

■ >nd 018 ~ PI— " a 
retroviral vector. 
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HZ 



UuQ 



SD 



NfO 



(A)n 



IH3 



Figure 3a 



An«o 



Hi;l 



EL* 



NEO 



SV40 



(A)n 



Figure 3b 



SUBSTITUTE 8HEET 
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SUBSTITUTE SHEET 
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Remark on Protest 
U No prou«t iccompMl., th. ptym«nt of Mdmornl .«rch f*,. 



ngtailffi Reasons fig "" Jdiig lade of Unity of Invention: 

The inventions as defined ty (kvupe I and n do not meet the rHt^Ha 
set forth in KX BuLe 13.2 in that the method of Gfcap n does not require the 
products fpyifi mfly rale "in Qaoap'I. 



